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PROCESS FOR THE PREPARATION OF 5,5'-BI-lH- 
TETRAZOLEDIAMMONIUM SALTS USING HYDRAZINE 
HYDRATE AND DICYAN AS STARTING MATERIALS 

5 BACKGROUND OF THE INVENTION 
(Field of the Invention) 

The present invention relates to a process for the 
preparation of 5, 5 ' -bi-lH-tetrazolediammonium salts which 
are lowly toxic, easy to handle, and are useful as gas- 
10 generating agents for air bags and as high-molecular 
foaming agents . 
(Prior Art) 

An oxaldiimidic acid dihydrazide has a chemical 
structure expressed by the following formula (1), 

15 

HN NH 
H2NHN NHNH2 

20 A 5, 5'-bi-lH-tetrazole (BHT) or a salt thereof has a 

chemical structure expressed by the following formula (2), 

/N n 

\\ > < II (2) 

25 N ^ 

x * 

wherein X is a hydrogen atom or a pair of cations. 
The following prior arts 1 to 7 have been known for 
30 synthesizing these compounds. 

(Prior Art 1) Chemical Abstracts Vol. 31, 4985. 

This literature describes the synthesis of a 5,5'-bi- 
lH-tetrazole (BHT) through an oxaldiimidic acid 
dihydrazide (OAH) by a reaction expressed by the following 
35 formula (3), 
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(Prior Art 2) Journal of Industrial Chemistry Vol. 11, 
197-200, (1966). 

This literature describes the synthesis of an 
oxaldiimidic acid dihydrazide (OAH) through an 
20 oxaldiimidic acid dimethyl ester intermediate product by a 
reaction expressed by the following formula (4), 



MeOH NH NH NH 2 NH2-H 2 0 HN NH 

NC-CN > ) ( > > < (4) 

25 MeO OMe H2NHN NHNH2 



(Prior Art 3) Friedlich DE952,811 (1956). 

This literature describes the preparation of a 
bitetrazole by the reaction of a mole of sodium azide or 
30 hydrogen azide with two moles of sodium cyanide or 

hydrogen cyanide. Its Example teaches the recovery of a 
5,5'-bi-lH-tetrazoledisodium salt (BHT • 2Na) by condensing 
the solution after the reaction. 

This reaction is expressed by the following formula 

35 (5), 
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HCN 35%H 2 0 2 + 85%HCOOH N — 

NaN 3 — > « > \ M *5H20 (5) 
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(Prior Art 4) Friedlich DE952,811 (1956), USP 2,710,297, 
(1955) . 

This is the same as the above literature. By using 
10 manganese dioxide as an oxidizing agent, there is 

synthesized a 5,5'-bi-lH-tetrazoledisodium salt ( BHT • 2Na) 
This reaction is expressed by the following formula 

(6), 

NaCN H 2 S0 4 + CH3COOH N ^N / N - N 
15 NaN 3 > I y \ 
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20 MnC0 3 N ~^N N ^ N 

Na Na 

(Prior Art 5) Feinberg, J. Org. Chem. , 29 (1954) 2021. 

There has been described the synthesis of a 5,5 '-bi- 
25 IH-tetrazolediammonium salt (BHT*2NH 3 ) by a reaction 
expressed by the following formula (7), 

Na[C(N0 2 ) 2 -CN] _N N 

NaN 3 > 11 y ^ 11 (7) 

30 NH4CI H 2 0 N "^n N-- N 

NH4 NH4 
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(Prior Art 6) Japanese Patent Application No. 10-374187 

The present inventors have proposed the synthesis of 
a 5,5'-bi-lH-tetrazolediammonium salt (BHT- 2NH 3 ) from 



4 



30 



hydrogen cyanide , sodium azide and hydrogen peroxide water 
by a reaction expressed by the following formula (8), 

H 2 0 2 NaN 3 
HCN > NC-CN > NC <^ !l 
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in the presence of a catalytic amount of copper sulfate 
while adjusting the pH of the reaction solution to be 5 to 
6. 

20 (Prior Art 7) Japanese Patent Application No, 65453/1999. 
The present inventors have already proposed the 
synthesis of a 5 , 5 ' -bi-lH-tetrazolediammonium salt 
(BHT-2NH 3 ) from dicyan and an aqueous solution of sodium 
azide /ammonium chloride by a reaction expressed by the 

25 following formula (9), 

NaN 3 /NH 4 Cl N 



NC-CN > NC 
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NaN 3 /NH 4 Cl N N 
> II V< II * I" X 11 (9) 
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According to the prior art 1, two moles of hydrazine 
hydrate and a mole of dicyan are reacted together in a 50% 
alcohol aqueous solution, and an oxaldiimidic acid 
dihydrazide is isolated. The prior art 1, however, is 
5 silent concerning the reaction conditions, yields or 

contents. A trace experiment of the examples showed that 
the yield of the oxaldiimidic acid dihydrazide was as very 
low as 44.4%, an unstable intermediate product of 1- 
cyanoformimidic acid hydrazide, that could become a cause 
10 of coloring, remained in the isolated crystals of 

oxaldiimidic acid dihydrazide and, besides, the content 
was not enough . 

According to this method, next, a 5,5'-bi-lH- 
tetrazoledisilver salt ( BHT • 2 Ag ) is isolated under an 
15 acidic condition of nitric acid through the formation of 
an azide thereof and through the cyclization reaction, 
followed by the reaction with hydrogen sulfide to remove 
the product as a silver sulfide out of the reaction 
system, thereby to obtain 5,5'-bi-lH-tetrazole. 
20 This method, however, needs complex steps and uses an 

expensive silver salt and toxic hydrogen sulfide, which 
are drawbacks. A trace experiment of the examples was 
conducted to isolate the 5 , 5 ' -bi-lH-tetrazolediammonium 
salt (BHT-2NH 3 ). However, the yield of the 5,5'-bi-lH- 
25 tetrazolediammonium salt (BHT-2NH 3 ) was as very low as 

48.7% on the basis of the oxaldiimidic acid dihydrazide. 

According to the prior art 2, a dicyan gas is blown 
into methanol so as to be reacted therewith in the 
presence of a sodium methylate catalyst to synthesize an 
30 oxaldiimidic acid dimethyl ester and, then, the hydro ly zed 
hydrazine is reacted with the oxaldiimidic acid dimethyl 
ester in an ethanol solution, in order to isolate the 
precipitated oxaldiimidic acid dihydrazide crystals. 

At the time of synthesizing the oxaldiimidic acid 
35 dimethyl ester which is the intermediate product, however, 
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it becomes necessary to isolate the oxaldiimidic acid 
dimethyl ester which is the intermediate product by 
distillation after the insoluble matters precipitated from 
the reaction solution have been isolated by filtration and 
5 to react it with the hydrazine hydrate. Thus, the 

oxaldiimidic acid dihydrazide is prepared through a long 
step requiring a cumbersome operation, which is a 
drawback. 

The prior art 3 teaches a method of synthesizing and 
10 isolating a 5 , 5 ' -bi-lH-tetrazoledisoium salt by using 
hydrogen cyanide and sodium azide as starting materials. 
Since the 5,5'-bi-tetrazoledisoium salt is soluble in 
water, an after-treatment such as condensation is 
necessary for isolating the compound from the aqueous 
15 solution, which is a drawback. The prior art 3 describes 
that the compound was isolated from the aqueous solution 
through the after-treatment such as condensation of the 
5,5'-bi-lH-tetrazoledisodium salt without, however, 
teaching yields or physical properties of the isolated 
20 compound. A trace experiment of the examples showed an 
yield of as very low as about 30%. 

According to the prior art 4, a 5,5'-bi-lH- 
tetrazoledisodium salt is synthesized by using sodium 
cyanide, sodium azide and manganese dioxide as an 
25 oxidizing agent and by being cyclized with sodium azide. 
However, since manganese dioxide is used as an oxidizing 
agent, a cumbersome after-treatment is required for 
removing it, which is a drawback. 

According to the prior art 5, a 5,5'-bi-lH- 
30 tetrazolediammonium salt is isolated by using sodium 

dinitroacetonitrile, sodium azide and ammonium chloride as 
starting materials. However, there remain such drawbacks 
as that the reaction time is long, the yield is low and, 
besides, the dinitroacetonitrile sodium which is the 
35 starting material is not easily available. 
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Prior arts 6 and 7 involve such a drawback that an 
expensive sodium azide must be used. 
SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

5 provide an industrially and economically advantageous 
process for the preparation of a 5,5'-bi-lH- 
tetrazolediammonium salt enabling the 5,5'-bi-lH- 
tetrazolediammonium salt to be obtained in high yields 
through a very simple operation of synthesizing the 5,5'- 

10 bi-lH-tetrazolediammonium salt by using inexpensive and 
easy-to-handle starting materials through the formation of 
an oxaldiimidic acid dihydrazide intermediate product, 
formation of azide and through the cyclization reaction, 
followed by isolation by filtering after the reaction. 

15 According to the present invention, there is provided 

a process for the preparation of a 5,5'-bi-lH- 
tetrazolediammonium salt (BHT-2NH 3 ) by isolating, as 
crystals, an oxaldiimidic acid dihydrazide (OAH) formed by 
the reaction of a dicyan with hydrazine hydrate, 

20 dissolving the above compound in a weakly acidic aqueous 
solution, forming an azide thereof with an aqueous 
solution of sodium nitrite, effecting the cyclization 
reaction by heating the reaction solution, adding an 
aqueous solution of sodium hydroxide to the reaction 

25 product to convert it into a 5,5'-bi-lH-tetrazoledisodium 
salt ( BHT * 2Na ) , followed by the reaction with ammonium 
chloride or an aqueous solution of ammonium chloride and 
recovering the formed ammonium salt as sparingly soluble 
crystals. 

30 According to the present invention, the 5,5'-bi-lH- 

tetrazolediammonium salt (BHT-2NH 3 ) is prepared by a 
combination of the steps of: 

1) adding a dicyan to an aqueous solution containing a 
hydrazine hydrate in an amount larger than a 
35 stoichiometric ratio to the dicyan or adding the dicyan to 
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an alcohol /water mixed solution, reacting them with 
stirring at a temperature lower than room temperature, 
followed by cooling to isolate the precipitated 
oxaldiimidic acid dihydrazide (OAH) as crystals 
5 maintaining a high purity and a high yield; and 

2) dissolving the intermediate product (OAH) in a weakly 
acidic aqueous solution of a pH of 4 to 6 f adding an 
aqueous solution of sodium nitride thereto to form an 
azide thereof and to effect the cyclization reaction by 

10 heating, adding an aqueous solution of sodium hydroxide to 
the reaction product to convert it into a 5,5'-bi-lH- 
tetrazoledisodium salt (BHT * 2Na ) , reacting it with 
ammonium chloride or an aqueous solution of ammonium 
chloride, and recovering the formed 5,5'-bi-lH- 

15 tetrazolediammonium salt (BHT-2NH 3 ) as sparingly soluble 
crystals ♦ 

The reaction mechanism according to the present 
invention is in no way limited thereto only but is 
considered to proceed as expressed by the following 
20 formula (10), 



NH 2 NH 2 • H 2 0 



NC-CN 



25 
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NH 



NO 



NH 2 NH 2 • H 2 0 



NHNH 2 
CFAH 



HN NH 

> x 
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30 NaN0 2 NH N / 



acid NHNH2 tt 
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35 
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NaOH N ^ ^ N N V // ^ N 
> li > € H » It > € II (10) 

N * NH4C1 N N 

Na Na NH4 NH4 

BHT * 2Na BHT-2NH 3 



In the step of synthesizing the oxaldiimidic acid 
10 dihydrazide (OAH) according to the invention, the dicyan 
reacts with a molecule of hydrazine hydrate to form a 1- 
cyanof ormimidic acid hydrazide (CFAH) and further reacts 
with another molecule of hydrazine hydrate to form the 
oxaldiimidic acid dihydrazide (OAH) as expressed by the 
15 above formula (10). When the hydrazine hydrate and the 

dicyan exist at a stoichiometric ratio (2:1), the reaction 
is not completed despite the reaction time is extended, 
and there remains an unstable 1-cyanof ormimidic acid 
hydrazide (CFAH) which is an intermediate product, etc., 
20 causing a decrease in the purity of the isolated 

oxaldiimidic acid dihydrazide (OAH) and a decrease in the 
yield. 

When the reaction is conducted at a temperature of 
not lower than 50 °C, too, the intermediate reaction 

25 product and the oxaldiimidic acid dihydrazide (OAH) 
undergo the decomposition. 

In order to obtain the oxaldiimidic acid dihydrazide 
(OAH) maintaining a high purity and a high yield, 
therefore, it is very important that the hydrazine hydrate 

30 is fed at a molar ratio of not smaller than at least the 
stoichiometric ratio and, particularly preferably, at a 
ratio of hydrazine hydrate /dicyan 

of from 2.5 to 3.5 (molar ratio), and that the reaction 
temperature is controlled to be from -10 to 50 °C and, 
35 particularly preferably, from 10 to 30 °C. 
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In the step of synthesizing the 5,5'-bi-lH- 
tetrazolediammonium salt (BHT-2NH 3 ) of the present 
invention as represented by the above formula (10), the 
oxaldiimidic acid dihydrazide (OAH) is dissolved in a 
5 weakly acidic aqueous solution of pH of 4 to 6 and, then, 
an aqueous solution of sodium nitrite is added thereto to 
form an azide thereof and to effect the cyclization 
reaction by heating, thereby to form a 1H- 
tetrazoleformimidic acid hydrazide (TFAH). The reaction 

10 is further continued to form an azide thereof and to 

effect the cyclization reaction, in order to convert the 
lH-tetrazoleformimidic acid hydrazide (TFAH) into the 
5,5'-bi-lH-tetrazole (BHT) . Next, an aqueous solution of 
sodium hydroxide is added to the 5, 5 '~bi-lH-tetrazole 

15 (BHT) reaction solution to convert it into the 5,5'-bi-lH- 
tetrazoledisodium salt (BHT* 2Na) . Then, about one-half 
amount of the reaction solution is condensed and is 
reacted with ammonium chloride or with an aqueous solution 
of ammonium chloride, whereby the formed 5,5'~bi-lH- 

20 tetrazolediammonium salt (BHT-2NH 3 ) is precipitated as 
crystals and is thus obtained in an yield of about 80% 
through a very simple operation of filtration and 
separation. 

Under a strongly acidic condition, the oxaldiimidic 
25 acid dihydrazide (OAH) is decomposed predominantly, and 
the desired 5,5 ' -bi-lH-tetrazolediammonium salt (BHT-2NH 3 ) 
is obtained in a very low yield. 

1) In the step of preparing the oxaldiimidic acid 
dihydrazide (OAH), the dicyan used for the reaction may be 

30 the one synthesized by a method that has been known per 
se. For example, a liquid dicyan synthesized from 
hydrogen cyanide/hydrogen peroxide water and copper 
sulf ate/ferric chloride as a catalyst, or a gaseous dicyan 
generated by the preparation methods disclosed in Japanese 

35 Unexamined Patent Publications Nos. 7565/1971 and 
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38900/1972, is directly introduced into an aqueous 
solution of hydrazine hydrate in order to synthesize an 
oxaldiimidic acid dihydrazide (OAH) which is an 
intermediate product. 

The dicyan may be added in either a gaseous form or 
as a liquid to the aqueous solution of hydrazine hydrate 
or to an alcohol/water mixed solution containing hydrazine 
hydrate. It is desired that the temperature at the time 
of addition is not higher than 30°C. The feeding molar 
ratio (hydrazine hydrate /dicyan) is not smaller than 2 but 
is not larger than 5 and, particularly preferably, from 
2.5 to 3.5. When the molar ratio of hydrazine 
hydrate /dicyan = 2 (stoichiometric amount), the reaction 
rate is very low and an unstable 1-cyanof ormimidic acid 
hydrazide (CFAH) intermediate product remains. When the 
sparingly soluble oxaldiimidic acid dihydrazide (OAH) is 
isolated as crystals, therefore, the intermediate product 
infiltrates therein making it difficult to obtain an 
oxaldiimidic acid dihydrazide (OAH) maintaining a high 
purity and a high yield. 

The reaction solvent may be an alcohol solvent such 
as methanol, ethanol, n-propanol or iso-propanol, water, 
or a water/alcohol mixed solvent. 

After the dicyan has been added, the reaction is 
conducted for 2 to 30 hours at a temperature of from -10 
to 50 °C and, particularly preferably, for 3 to 7 hours and 
at 10 to 30 °C in order to suppress the decomposition of 
the oxaldiimidic acid dihydrazide (OAH). 

The progress of reaction can be traced by the liquid 
chromatography. That is, there can be observed a state in 
which the 1-cyanof ormimidic acid hydrazide (CFAH) 
intermediate product reacts with another molecule of 
hydrazine hydrate and is converted into the oxaldiimidic 
acid dihydrazide (OAH), and whereby the 1-cyanof ormimidic 
acid hydrazide (CFAH) decreases and the oxaldiimidic acid 
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dihydrazide (OAH) increases. The reaction continues until 
the l-cyanoformimidic acid hydrazide (CFAH) decreases to 
not larger than 1% (area percentage of liquid 
chromatography ) . 

After the reaction has been finished , the reaction 
solution is cooled down to about 10 °C, and the 
oxaldiimidic acid dihydrazide (OAH) is obtained 
maintaining a high yield of not lower than 95% and a high 
purity of not lower than 99% through a very simple 
operation of filtering and separating the precipitated 
crystals. The concentration of the oxaldiimidic acid 
dihydrazide (OAH) remaining in the isolated mother liquor 
is not higher than 0.2%. Besides, there is no 
contradiction in the balance of the hydrazine hydrate 
before and after the reaction. 

2) In the step of preparing the 5,5'-bi-lH- 
tetrazolediammonium salt (BHY-2NH 3 ), the isolated 
oxaldimidic acid dihydrazide (OAH) is suspended in water, 
and a weakly acidic compound is added in a predetermined 
amount at a temperature of not higher than 10 °C to adjust 
the pH of the reaction solution to be from 4 to 6. The 
aqueous solution is cooled down to about 0°C and, then, an 
aqueous solution of sodium nitrite is dropwisely added 
thereto to form the IH-tetrazolef ormimidic acid hydrazide 
(TFAH) through the reaction of forming an azide thereof 
and through the cyclization reaction by heating. By 
further continuing the reaction, white crystals of the 
5,5 '-bi-lH-tetrazole (BHT) are precipitated in the 
reaction solution. Then, an aqueous solution of sodium 
hydroxide is added to the reaction solution containing the 
5,5'-bi-lH-tetrazole (BHT) to convert the 5,5'-bi-lH- 
tetrazole (BHT) into the 5,5'-bi-lH-tetrazoledisodium salt 
(BHT* 2Na) . Then, one-half of the reaction solution of the 
5,5'-bi-lH-tetrazoledisodium salt ( BHT * 2Na ) is condensed, 
and an aqueous solution of ammonium chloride is dropwisely 
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added thereto under a heated condition to isolate the 
5,5'-bi-lH-tetrazolediammonium salt (BHT-2NH 3 ) as 
sparingly soluble crystals. 

The weakly acidic compound to be added to the aqueous 
5 suspension of the oxaldiimidic acid dihydrazide (OAH) will 
be acetic acid, formic acid, propionic acid, octanoic acid 
or citric acid having pKa — 3 to 5 . Among them, however, 
acetic acid is particularly desired. Upon adding the 
weakly acidic compound such as acetic acid or the like 
10 acid to the aqueous suspension of the oxaldiimidic acid 
dihydrazide (OAH), the reaction for forming an azide 
proceeds smoothly, and the 5,5 ' -bi-lH-tetrazolediammnium 
salt (BHT*2NH 3 ) is obtained maintaining an yield of as 
high as 80%. 

15 Under a strongly acidic condition of using 

hydrochloric acid, nitric acid or the like acid, however, 
the oxaldiimidic acid dihydrazide (OAH) decomposes 
predominantly, and the 5,5 ' -bi-lH-tetrazolediammonium salt 
(BHT'2NH 3 ) is obtained maintaining an yield of as very low 

20 as about 20%. 

The feeding molar ratio of weakly acidic compound (B) 
such as acetic acid, sodium nitrite (C) , sodium hydroxide 
(D) and ammonium chloride (E) per the oxaldimidic acid 
dihydrazide (OAH) is (A) : (B) : (C) : (D) : (E) = 1:2 to 4:2 to 

25 4:2 to 3.5:2 to 3.5, More particularly, 

(A) : (B) : (C) : (D) : (E) - 1:2 to 2.5:2 to 2.4:2 to 3:2 to 3. 

Water can be used as the reaction solvent. The 
hydrazine hydrate in the step of preparing the 
oxaldiimidic acid dihydrazide (OAH), and the weakly acidic 

30 compound, sodium nitrite, sodium hydroxide and ammonium 
chloride in the step of preparing the 5,5'-bi-lH- 
tetrazolediammonium salt (BHT-2NH 3 ) may be those that are 
produced on an industrial scale. 

The weakly acidic compound such as acetic acid is 

35 added at a temperature of not higher than room temperature 
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at which the decomposition of the oxaldiimidic acid 
dihydrazide (OAH) can be suppressed and, particularly 
preferably , at a temperature of not higher than 10 °C. 
After the weakly acidic compound has been added f the 
5 oxaldiimidic acid dihydrazide (OAH) dissolves therein to 
form a homogeneous aqueous solution. The aqueous solution 
has a pH of from 4 to 6. 

Next, after the weakly acidic compound has been 
added, the aqueous solution of sodium nitrite is 
10 dropwisely added to the aqueous solution at a temperature 
of not higher than 30 °C and, particularly preferably, not 
higher than 10°C over a period of from 30 to 60 minutes. 
Thereafter, the temperature is elevated to room 
temperature over a period of about one hour, and the 
15 reaction is conducted at 40 to 50 °C for 1 to 5 hours to 
form the lH-tetrazolef ormimidic acid hydrazide (TFAH) 
which is an intermediate product through the formation of 
azide thereof and the cyclization reaction. The reaction 
is further continued to convert the intermediate product 
20 into the 5 , 5 ' -bi-lH-tetrazole (BHT) . 

The progress of the reaction, i.e., the conversion of 
the oxaldiimidic acid dihydrazide (OAH) into the 5,5 '-bi- 
lH-tetrazole (BHT) through the lH-tetrazolef ormimidic acid 
hydrazide (TFAH), can be traced by the liquid 
25 chromatography. A moment at which the 1H- 

tetrazolef ormimidic acid hydrazide (TFAH) decreases to not 
larger than 1% (area percentage of the liquid 
chromatograph) is regarded to be the end of the reaction. 
Next, the aqueous solution of sodium hydroxide is 
30 added at 20 to 80 °C to conduct the reaction for 1 to 2 

hours, whereby the 5, 5 '-bi-lH-tetrazole (BHT) is converted 
into the 5,5 ' -bi-lH-tetrazoledisodium salt (BHT-2Na), and 
about one-half amount of the reaction solution is 
condensed. 

35 Further, the aqueous solution of ammonium chloride is 
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dropwisely added at a temperature of from 40 to 80 c over 
a period of about 30 minutes. Due to the reaction of the 
5,5'-bi-lH-tetrazoledisodium salt (BHT-2Na) with the 
ammonium chloride, there is precipitated the desired 5,5 
bi-lH-tetrazolediammonium salt (BHT-2NH 3 ) as sparingly 
soluble white crystals. 

After the reaction, the reaction solution is cooled 
down to 0 to 5°C, and the crystals are isolated, washed 
with water and dried to obtain the 5, 5 '-bi-lH- 
tetrazolediammonium salt (BHT-2NH 3 ) maintaining an yield 
of 80%. 

According to the present invention, there is prepared 
the 5,5'-bi-lH-tetrazolediammonium salt (BHT-2NH 3 ) 
maintaining an yield of as high as 80% by quantitatively 
synthesizing and isolating the oxaldiimidic acid 
dihydrazide (OAH) from the starting materials of hydrazine 
hydrate and dicyan, subjecting the oxaldiimidic acid 
dihydrazide (OAH) to the formation of an azide thereof in 
a weakly acidic aqueous solution and to the cyclization 
reaction by heating, and filtering and separating the 
sparingly soluble 5,5'-bi-lH-tetrazolediammonium salt 
(BHT-2NH 3 ), which is a very simple operation. 

Namely, it is necessary to isolate the oxaldiimidic 
acid dihydrazide (OAH) which is an intermediate product. 
In the step of forming the tetrazole by using the 
oxaldiimidic acid dihydrazide (OAH) as a starting 
material, however, a route of synthesizing the desired 
S^'-bi-lH-tetrazolediammonium salt ( BHT • 2NH 3 ) is 
established through a common (single) reaction system 
without at all isolating the intermediate product. 
EXAMPLES 

The invention will now be concretely described by way 
of Examples to which only, however, the invention is in no 
way limited. 

The 5,5'-bi-lH-tetrazole (BHT), 1H- 
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tetrazolef ormimidic acid hydrazide (TFAH) intermediate 
product, l~cyanof ormimidic acid hydrazide (CFAH) f 
oxaldiimidic acid dihydrazide (OAH) and hydrogen azide 
were analyzed by the liquid chromatography (HPLC), and the 
5 hydrogen cyanide and dicyan were analyzed by the gas 
chromatography (GC). The content of the 5,5'-bi-lH- 
tetrazolediammonium salt (BHT*2NH 3 ) was found by the 
titration with HC10 4 and by the liquid chromatography. 
(Reference Example 1) Synthesis of dicyan [NC-CN]. 

10 12.56 Grams (0.050 mols) of 99.5% CuS0 4 -H 2 0, 12.76 g 

(0.025 mols) of 78.6% Fe 2 (S0 4 ) 3 , and 100.2 g of water were 
fed into a 500-ml flask and were stirred and dissolved. 
49.9% HCN aqueous solution (feeding rate, 52.2 to 78.1 
g/hr; feeding time, 3.5 hours; total weight of feed, 217.9 

15 g (4.000 mols)) and 34.6% H 2 0 2 aqueous solution (feeding 
rate, 39.6 to 86.6 g/hr; feeding time, 4 hours; total 
weight of feed, 236.8 g (2.409 mols)) were separately fed 
by using feed pumps into a CuS0 4 -Fe 2 (S0 4 )3 aqueous solution 
at a feeding temperature of from 6.8 to 14.6°C. 

20 An NaOH aqueous solution was used as a trap, and the 

dicyan was synthesized in a closed reaction system. After 
the feed has been finished, the temperature was elevated 
up to 40 °C over one hour while effecting the bubbling with 
nitrogen in order to expel the dicyan out of the reaction 

25 solution. The formed dicyan was obtained in a glass 
container in a coolant cooled at -72 to -79 °C. 

The amount of the dicyan after the bubbling with 
nitrogen was 87.37 g, the weight yield was 84.0%, the 
weight of the reaction solution was 454.22 g [weight loss 

30 was 27.32 g], weight of NaOH trapped has increased by 
11.07 g [CN component (AgN0 3 tit.), 0.0085 mols]. 

87.37 Grams of the obtained dicyan was vaporized at 
-15 to -20 °C, liquefied and is filled in a pressure- 
resistant glass container in a coolant cooled at -50 °C. 

35 The amount of the dicyan obtained was 80.42 g r the amount 
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of the solution remaining after the vaporization was 3.47 
g, and loss due to purification by vaporization was 3.48 

g- 

Next, the dicyan and hydrogen cyanide in the 
5 pressure-resistant glass container and in the solution 
remaining after the vaporization were analyzed by the gas 
chromatography. As a result, the amount of the hydrogen 
cyanide in the pressure-resistant glass container was 
smaller than a detectable limit, and the dicyan of a high 
10 purity (content: 99,99% (GC)) was obtained. 

The yield of dicyan in the container: 77.3% 
Feeding molar ratio of HCN:H 2 0 2 :CuS04:Fe2(S04)3 = 
1:0.6:0.0125:0.0063 
(Example 1) Synthesis of oxaldiimidic acid dihydrazide 
15 (OAH) ♦ 

25.04 Grams (0.500 mols) of 100% hydrazine hydrate, 
56.40 g of MeOH and 18.79 g of H 2 0 were fed into a 200-ml 
four neck distillation flask [total feeding amount of 
100.23 g]. After cooled, 12.57 g (0.242 mols) of dicyan 

20 was blown thereto at a blowing temperature of from -4.0 to 
3.5°C over a blowing time of 2 hours and 15 minutes. 

112.80 Grams of the reaction solution to which the 
dicyan has been introduced was reacted with stirring at a 
temperature of from 3.5 to 25.2°C for one hour and, then, 

25 with stirring at a temperature of from 25.2 to 19.9°C 

(room temperature) for 3 hours. The progress of reaction 
was traced by the HPLC analysis. After stirred at room 
temperature for 3 hours, there were formed 28.12% of an 
oxaldiimidic acid dihydrazide (OAH) and 71.57% of 1- 

30 cyanof ormimidic acid hydrazide (CFAH). Next, the reaction 
was conducted with stirring at a temperature of 19.9 to 
7.5°C for 19 hours. 

However, OAH was 86.68%, CFAH was 13.32%, there 
remained an intermediate product, and the reaction was not 

35 conducted to a sufficient degree. 
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Therefore, 12.55 g (0.251 mols) of 100% hydrazine 
hydrate, 28.20 g of MeOH and 9.55 g of H 2 0 [total feeding 
amount of 50.30 g] were added at a temperature of from 
13.6 to 17.8°C over a period of 20 minutes. The progress 
5 of reaction was confirmed after every hour by the HPLC 
analysis, and the reaction was conducted with stirring at 
a temperature of from 18.3 to 17.9°C for 3 hours. 

After the addition, the stirring was effected for 1 
hour to yield 97.02% of OAH and 2.98% of CFAH (HPLC area 
10 %) . 

After the addition, the stirring was effected for 2 
hours to yield 98.42% of OAH and 1.58% of CFAH. 

After the addition, the stirring was effected for 3 
hours to yield 99.18% of OAH and 0.82% of CFAH. 

15 After the reaction, 161.79 g of the reaction solution 

was cooled down to 3°C, and the precipitated crystals were 
separated and washed with 50 g of MeOH to isolate 38.06 g 
of wet crystals thereof. After drying in a vacuum drier 
at room temperature for 8 hours, there was obtained 27.63 

20 g of white powdery crystals (OAH). The amount of the 
separation mother liquor + MeOH washing solution was 
166.00 g. 

[Yield and analytical values of the oxaldiimidic acid 
dihy dr a z ide ( OAH ) ] 
25 Coarse crystals 

OAH content; HPLC 99.44% (area %), HCltit. 97.59% 
Obtained amount: 27.59 g (0.232 mols), hydrazine 

component (0.464 mols) 
Yield: 96.12% (on the basis of NC-CN) , hydrazine 
30 recovery rate 61.84% 

Mother liquor + MeOH washing solution 

OAH content: 0.19%, 0.32 g (0.003 mols), hydrazine 
component (0.269 mols), hydrazine 
recovery rate 35.83% 
35 Total yield: 97.24%, total hydrazine recovery rate 
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97.67% 

(Example 2) Synthesis of oxaldiimidic acid dihydrazide 
(OAH) . 

75.11 Grams (1.500 mols) of 100% hydrazine hydrate, 
169.11 g of Me OH and 56.34 g of H 2 0 were fed into a 500-ml 
four neck distillation flask [total feeding amount of 
300.65 g]. After cooled, 26.09 g (0.501 mols) of dicyan 
was blown thereto at a blowing temperature of from -0.4 to 
3.5°C over a blowing time of 2 hours and 25 minutes. 

326.74 Grams of the reaction solution to which the 
dicyan has been introduced was reacted with stirring at a 
temperature of from 3.5 to 26.5°C for one hour and, then, 
with stirring at a temperature of from 26.5 to 21.6°C 
(room temperature) for 4 hours. The progress of reaction 
was traced after every hour by the HPLC analysis. 

After the addition, no stirring was effected to yield 
41.06% of OAH and 58.53% of CFAH (HPLC area %). 

After the addition, the stirring was effected for 1 
hour to yield 69.46% of OAH and 29.63% of CFAH. 

After the addition, the stirring was effected for 2 
hours to yield 87.84% of OAH and 11.22% of CFAH. 

After the addition, the stirring was effected for 3 
hours to yield 94.53% of OAH and 4.85% of CFAH. 

After the addition, the stirring was effected for 4 
hours to yield 97.43% of OAH and 1.98% of CFAH. 

After the addition, the stirring was effected for 5 
hours to yield 98.64% of OAH and 0.82% of CFAH. 

After the reaction, 326.30 g of the reaction solution 
was cooled down to 4.1°C, and the precipitated crystals 
were separated and washed with 51.5 g of Me OH to isolate 
73.00 g of wet crystals thereof. After drying in a vacuum 
drier at room temperature for 8 hours, there was obtained 
58.16 g of white powdery crystals (OAH). The amount of 
the separation mother liquor + MeOH washing solution was 
295.96 g. 
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[Yield and analytical values of the oxaldiimidic acid 
dihydrazide (OAH)] 
Coarse crystals 

OAH content: HPLC 99.55% (area %), HCltit. 98.76% 
5 Obtained amount: 58-16 g (0.495 mols), hydrazine 

component (0.989 mols) 
Yield: 98.65% (on the basis of NC-CN), hydrazine 
recovery rate 65.93% 
Mother liquor + MeOH washing solution 
10 OAH content: 0.22%, 0.65 g (0.006 mols), hydrazine 

component (0.504 mols), hydrazine 
recovery rate 33.61% 
Total yield: 99.76%, total hydrazine recovery rate 
99.54% 

15 (Example 3) Synthesis of oxaldiimidic acid dihydrazide 
(OAH) . 

75.11 Grams (1.500 mols) of 100% hydrazine hydrate, 
169.32 g of MeOH and 56.42 g of H 2 0 were fed into a 500-ml 
four neck distillation flask [total feeding amount of 
20 300.85 g]. After cooled, 25.91 g (0.498 mols) of dicyan 
was blown thereto at a blowing temperature of from 24.9 to 
27.7°C over a blowing time of 2 hours and 45 minutes. 

326.76 Grams of the reaction solution to which the 
dicyan has been introduced was reacted with stirring at a 
25 temperature of from 27.4 to 25.0°C for one hour and, then, 
with stirring at a temperature of from 25.0 to 18.9°C for 
3 hours. The progress of reaction was traced after every 
hour by the HPLC analysis. 

After the addition r no stirring was effected to yield 
30 82.89% of OAH and 16.52% of CFAH (HPLC area %). 

After the addition, the stirring was effected for 1 
hour to yield 92.76% of OAH and 6.12% of CFAH. 

After the addition, the stirring was effected for 2 
hours to yield 95.68% of OAH and 3.64% of CFAH. 
35 After the addition, the stirring was effected for 3 
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hours to yield 97.98% of OAH and 1.38 of CFAH. 

After the addition, the stirring was effected for 4 
hours to yield 99.09 of OAH and 0.28% of CFAH. 

After the reaction, 326.59 g of the reaction solution 
5 was cooled down to 2.0°C, and the precipitated crystals 
were separated and washed with 49.7 g of Me OH to isolate 
69.46 g of wet crystals thereof. After drying in a vacuum 
drier at room temperature for 8 hours, there was obtained 
56.17 g of white powdery crystals (OAH). The amount of 
10 the separation mother liquor + MeOH washing solution was 
297.22 g. 

[Yield and analytical values of the oxaldiimidic acid 
dihydrazide (OAH)] 
Coarse crystals 
15 OAH content: HPLC 99.48% (area %), HCltit. 99.70% 

Obtained amount: 56.17 g (0.482 mols), 
hydrazine component (0.965 mols) 
Yield: 96.85% (on the basis of NC-CN), hydrazine 
recovery rate 64.28% 
20 Mother liquor + MeOH washing solution 

OAH content: 0.21%, 0.62 g (0.005 mols), hydrazine 
component (0.506 mols), hydrazine 
recovery rate 33.69% 
Total yield: 97.93%, total hydrazine recovery rate 
25 97.97% 

(Comparative Example 1) Synthesis of oxaldiimidic acid 
dihydrazide (OAH) [trace experiment of the literature]. 

50.06 Grams (1.000 mol) of 100% hydrazine hydrate, 
50.0 g of EtOH and 50.0 g of H 2 0 were fed into a 300-ml 
30 four neck distillation flask [total feeding amount of 

150.06 g]. After cooled, 26.02 g (0.500 mols) of dicyan 
was blown thereto at a blowing temperature of from -4.0 to 
4.2°C over a blowing time of 1 hour and 30 minutes. 

The reaction solution to which the dicyan has been 
35 introduced was reacted with stirring at a temperature of 
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from »3.7 to 4.2°C for 2 hours. The precipitated crystals 
were separated and washed with 28-0 g of 20% EtOH to 
isolate 41-2 g of wet crystals thereof. After drying in a 
vacuum drier at room temperature for 5 hours, there was 
5 obtained 27-0 g of brownish white powdery crystals (OAH) . 
The amount of the separation mother liquor + EtOH washing 
solution was 126.4 g. 

[Yield and analytical values of the oxaldiimidic acid 

dihydrazide (OAH) ] 
10 Coarse crystals 

OAH content: HPLC 98.47% (area %), HCltit. 95.58% 
Yield: 44.4% (on the basis of hydrazine hydrate) 

(Example 4) Synthesis of 5,5'-bi-lH-tetrazolediammonium 

salt [BHT-2NH 3 ] 

15 11.76 Grams (0.100 mol) of 98.76% oxaldiimidic acid 

dihydrazide (Example 2) (OAH) and 100.13 g of H 2 0 were fed 
into a 500-ml distillation flask, and were cooled down to 
5°C in a slurry state. A mixed aqueous solution of 13.34 
g (0.220 mols) of 99.0% acetic acid and 13.52 g of H 2 0 was 

20 added thereto dropwise at a temperature of 3.8 to 5.6 C 
over a period of 5 minutes. The OAH crystals have 
dissolved accompanying the dropwise addition of acetic 
acid r and the solution has changed into a faintly yellow 
transparent solution. The pH of the reaction solution was 

25 4. 

Next, 15.45 g (0.220 mols) of 98.5% NaN0 2 and 31.94 g 
of H 2 0 were added dropwise thereto at a temperature of 
from -6.1 to 4.4°C over a period of 35 minutes. After the 
dropwise addition has been completed, the reaction was 

30 conducted at a temperature of from -5.3 to 17.0°C for 3 
hours and 30 minutes. To improve the stirring condition, 
31.94 g of H 2 0 was added thereto. 

Thereafter, 29.14 g (0.220 mols) of 30.24% NaOH 
aqueous solution was added thereto dropwise at a 

35 temperature of from 16.7 to 20.1°C over a period of 15 
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minutes to convert the 5 , 5 ' -bi-lH-tetrazole into a 5,5'- 
bi-lH-tetrazoledisodium salt. 

A brown reaction solution was heated at 65 °C, and 
11.89 g (0.220 mols) of 99.0% NH 4 CL and 31.70 g of H 2 0 
5 were added thereto dropwise at a temperature of 64.5 to 
64.6°C over a period of 15 minutes to synthesize a 5,5'- 
bi-lH-tetrazolediammonium salt [BHT-2NH 3 ] by the reaction 
of the 5,5'-bi-lH-tetrazoledisodium salt [BHT-2Na] with 
the NH 4 CL. 

10 After the NH 4 CL aqueous solution has been dropwisely 

added thereto, 307.02 g of the reaction solution was 
cooled down to 6.5°C, and the precipitated crystals were 
separated and washed with 50.5 g of H 2 0 to isolate 18.58 g 
of the wet 5, 5 ' -bi-lH-tetrazolediammonium salt [BHT-2NH 3 ]. 

15 After drying in a vacuum drier at a drying temperature of 
50 °C for 6 hours, there was obtained 10.61 g of the 5,5'- 
bi-lH-tetrazolediammonium salt [BHT • 2NH 3 ] (yellow powder). 
The total amount of the separation mother liquor + washing 
solution was 335.24 g. 

20 The feeding mol ratio of OAH:AcOH:NaN0 2 :NaOH:NH 4 cl 

was 1.0:2.2:2.2:2.2:2.2. 

[Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT*2NH 3 ] ] 

Yield of coarse crystals: 61.6% on the basis of OAH 
25 Analytical values of coarse crystals: HCl0 4 tit. 

99.85%, HPLC 
96.58% (area %) 
(Separation mother liquor + washing solution) analytical 
value : 

30 [ BHT • 2NH 3 ] , 0.74% by weight, 2.48 g (0.014 mols) 

Total [ BHT - 2NH 3 ] yield (coarse crystals + mother liquor + 
washing solution): 76.0% on the basis of OAH 
(Example 5) Synthesis of 5 , 5 ' -bi-lH-tetrazolediammonium 
salt [BHT * 2NH 3 ] 

35 11.76 Grams (0.100 mol) of 98.76% oxaldiimidic acid 
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dihydrazide (Example 2)(OAH) and 150.1 g of H 2 0 were fed 
into a 500-ml distillation flask, and were cooled down to 
0°C in a slurry state. A mixed aqueous solution of 12.13 
g (0.200 mols) of 99.0% acetic acid and 12.05 g of H 2 0 was 
5 added thereto dropwise at a temperature of -4.7 to 3.3°C 
over a period of one hour. The OAH crystals have 
dissolved accompanying the dropwise addition of acetic 
acid, and the solution has changed into a faintly yellow 
transparent solution. The pH of the reaction solution was 
10 4. 

Next, 15.41 g (0.220 mols) of 98.5% NaN0 2 and 30.07 g 
of H 2 0 were added dropwise thereto at a temperature of 
from -4.4 to 1.0 °c over a period of one hour. After the 
dropwise addition has been completed, the reaction was 

15 conducted at a temperature of from -4.8 to 22.7°C for one 
hour and, then, at 23.7 to 24.0°C for 5 hours. 

Thereafter, 27.92 g (0.211 mols) of 30.24% NaOH 
aqueous solution was added thereto dropwise at a 
temperature of from 70.3 to 70.8°C over a period of 25 

20 minutes. 

After the NaOH aqueous solution has been dropwisely 
added thereto, the faint yellowish reaction solution was 
heated at 70 °C to conduct the reaction at a temperature of 
from 68.4 to 70,8°C for 2 hours in order to convert the 
25 5,5'-bi-lH-tetrazole into a 5,5'-bi-lH-tetrazoledisodium 
salt. 

12.43 Grams (0.230 mols) of 99.0% NH 4 CL and 33.59 g 
of H2O were added at a temperature of 70.3 to 70.5°C over 
a period of 20 minutes to synthesize a 5,5'-bi-lH- 
30 tetrazolediammonium salt [BHT-2NH 3 ] by the reaction of the 
5,5'-bi-lH-tetrazoledisodium salt [BHT*2Na] with the 
NH 4 CL. 

After the NH 4 CL aqueous solution has been dropwisely 
added thereto, 301.02 g of the reaction solution was 
35 cooled down to 10.3°C, and the precipitated crystals were 
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separated and washed with 50.4 g of H 2 0 to isolate 19.80 g 
of the wet 5, 5 '~bi-lH-tetrazolediammonium salt [BHT*2NH 3 ]. 
After drying in a vacuum drier at a drying temperature of 
50 °C for 6 hours, there was obtained 10.65 g of the 5,5'- 
5 bi-lH-tetrazolediammonium salt [BHT-2NH 3 ] (yellow powder). 
The total amount of the separation mother liquor + washing 
solution was 327.91 g. 

The feeding mol ratio of OAH:AcOH:NaN0 2 :NaOH:NH 4 Cl 
was 1.0:2.0:2.2:2.1:2.3. 
10 [Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT*2NH 3 ]] 

Yield of coarse crystals: 58.7% on the basis of OAH 
Analytical values of coarse crystals: HC10 4 tit. 

95.15%, HPLC 

15 98.09% (area %) 

(Separation mother liquor + washing solution) analytical 
value : 

[BHT-2NH 3 ], 0.70% by weight, 2.30 g (0.013 mols) 

Total [ BHT * 2NH3 ] yield (coarse crystals + mother liquor + 
20 washing solution): 72.2% on the basis of OAH 

(Example 6) Synthesis of 5 f 5 ' -bi-lH-tetrazolediammonium 

salt [BHT*2NH 3 ] 

11.65 Grams (0.100 mol) of 99.7% oxaldiimidic acid 

dihydrazide (Example 3) (OAH) and 100.03 g of H 2 0 were fed 
25 into a 300-ml distillation flask, and was cooled down to 

0°C in a slurry state. 16.81 Grams (0.240 mols) of 98.5% 

NaN0 2 and 30.00 g of H 2 0 were added thereto dropwise at a 

temperature of -0.1 to 0.5°C over a period of 25 minutes. 

After the NaN0 2 aqueous solution has been dropwisely 
30 added, the reaction was conducted at a temperature of from 

-0.1 to 25.6°C for one hour, at 23.4 to 25.0°C for 2 hours 

and at 48.2 to 51.1°C for 4 hours. 

Next, the reaction solution was cooled, and a mixed 

aqueous solution of 14.46 g (0.240 mols) of 99.0% acetic 
35 acid and 14.50 g of H 2 0 was added thereto dropwise at a 
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temperature of from 9.4 to 54.2°C over a period of 35 
minutes. Accompanying the dropwise addition of acetic 
acid, the pH of the reaction solution has changed from pH 
= 8 (of before acetic acid was added) to pH = 4 (yellow 
5 slurry solution) accompanied by foaming f vigorous 
generation of heat, dissolution of crystals and 
precipitation of crystals. After the dropwise addition 
has been finished, the reaction was conducted at a 
temperature of from 25.4 to 25.6°C for 2 hours and at 50.2 
10 to 50.9°C for one hour. 

Thereafter, the reaction solution was cooled, and 
27.78 g (0.210 mols) of 30.24% NaOH aqueous solution was 
added dropwise at a temperature of from 31.0 to 35.3°C 
over a period of 7 minutes. After the dropwise addition 
15 of NaOH aqueous solution has been finished, the faintly 

yellow reaction solution was heated at 80 °C to conduct the 
reaction at 79.0 to 81.2°C for 2 hours in order to convert 
the 5,5'-bi-lH-tetrazole into a 5,5'-bi-lH- 
tetrazoledisodium salt. 
20 12.43 Grams g (0.230 mols) of 99.0% NH 4 CL and 33.40 g 

of H 2 0 were added thereto dropwise at a temperature of 
78.7 to 80.3°C over a period of 10 minutes to synthesize a 
5,5 ' -bi-lH-tetrazolediammonium salt [BHT*2NH 3 ] by the 
reaction of the 5 , 5 ' -bi-lH-tetrazoledisodium salt 
25 [BHT' 2Na] with the NH 4 CL. 

After the NH 4 CL aqueous solution has been dropwisely 
added thereto, 256.48 g of the reaction solution was 
cooled down to 0.7°C, and the precipitated crystals were 
separated and washed with 50.0 g of H 2 0 to isolate 23.01 g 
30 of the wet 5 , 5 ' -bi-lH-tetrazolediammonium salt [BHT*2NH 3 ]. 
After drying in a vacuum drier at a drying temperature of 
50 °C for 6 hours, there was obtained 10.54 g of the 5,5'- 
bi-lH-tetrazolediammonium salt [BHT- 2NH 3 ] (nearly white 
powder). The total amount of the separation mother liquor 
35 + washing solution was 278.70 g. 
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The feeding mol ratio of OAH :Ac0H:NaN0 2 : NaOH :NH 4 C1 
was 1.0:2.4:2.4:2.1:2.3. 

[Yield and analytical values of 5,5'-bi-lH~ 
tetrazolediammonium salt [BHT*2NH 3 ]] 
5 Yield of coarse crystals: 58.6% on the basis of OAH 

Analytical values of coarse crystals: HClC>4tit„ 

95.64%, HPLC 
95*61% (area %) 
(Separation mother liquor + washing solution) analytical 
10 value: 

[BHT-2NH 3 ], 0.87% by weight, 2.42 g (0.014 mols) 
Total [BHT-2NH 3 ] yield (coarse crystals + mother liquor + 
washing solution): 72.6% on the basis of OAH 
(Example 7) Synthesis of 5 , 5 ' -bi-lH- tetrazolediammonium 

15 salt [BHT-2NH 3 ] 

5.82 Grams (0.050 mol) of 99.70% oxaldiimidic acid 
dihydrazide (Example 3) (OAH) and 50.0 g of H 2 0 were fed 
into a 200-ml distillation flask, and were cooled down to 
10°C in a slurry state. A mixed aqueous solution of 7.81 

20 g (0.060 mols) of propionic anhydride and 8.90 g of H 2 0 

was added thereto dropwise at a temperature of 11 °C over a 
period of 2 minutes. Next, 8.41 g (0.120 mol) of 98.5% 
NaN0 2 and 15.0 g of H 2 0 were added thereto dropwise at a 
temperature of from -3.8 to 2.5°C over a period of 10 

25 minutes. After the dropwise addition has been finished, 

the reaction was conducted at a temperature of from 3.8 to 
16.8°C for one hour, at 25.1 to 29.1°C for 3 hours and 30 
minutes and at 49,8 to 50.1°C for 5 hours. 

Next, the reaction solution was cooled, and 15.87 g 

30 (0.120 mols) of 30.24% NaOH aqueous solution was added 
thereto dropwise at a temperature of from 39*7 to 40.3°C 
over a period of 13 minutes. After the dropwise addition 
of the NaOH aqueous solution has been finished, the brown 
reaction solution was heated at 80 °C, and the reaction was 

35 conducted at a temperature of from 79.2 to 80.9°C for 2 
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hours to convert the 5,5 '-bi-lH-tetrazole into a 5,5'-bi- 
lH-tetrazoledisodium salt. 

7.13 Grams g (0.132 mols) of 99-0% NH 4 CL and 19.26 g 
of H 2 0 were added thereto dropwise at a temperature of 
5 71.6 to 72.5°C over a period of 10 minutes to synthesize a 
5, 5 f -bi-lH-tetrazolediammonium salt [BHT-2NH 3 ] by the 
reaction of the 5 , 5 ' -bi-lH-tetrazoledisodium salt 
[BHT-2Na] with the NH 4 CL. 

After the NH 4 CIi aqueous solution has been dropwisely 

10 added thereto, the reaction solution was cooled, and the 
precipitated crystals were separated and washed with 20.1 
g of H 2 0 to isolate 12.59 g of the wet 5,5'-bi-lH- 
tetrazolediammonium salt [BHT*2NH 3 ]. After drying in a 
vacuum drier at a drying temperature of 50 °C for 6 hours, 

15 there was obtained 4.18 g of the 5,5'-bi-lH- 

tetrazolediammonium salt [ BHT • 2NH 3 ] . The total amount of 
the separation mother liquor + washing solution was 198.78 

g- 

The feeding mol ratio of OAH : propionic 
20 anhydride :NaN0 2 :NaOH:NH 4 Cl was 1 . 0 : 2 . 4 : 2 . 4 : 2 • 4 : 2 . 65 . 
[Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT'2NH 3 ]] 

Yield of coarse crystals: 47.0% on the basis of OAH 
Analytical values of coarse crystals: HCl0 4 tit. 
25 95.15%, 

(Separation mother liquor + washing solution) analytical 
value : 

[BHT-2NH 3 ], 1.00% by weight, 1.98 g (0.012 mols) 
Total [BHT-2NH 3 ] yield (coarse crystals + mother liquor + 
30 washing solution): 69.9% on the basis of OAH 

(Example 8) Synthesis of 5,5 r -bi-lH-tetrazolediammonium 
salt [BHT-2NH 3 ] 

2.33 Grams (0.020 mol) of 99.70% oxaldiimidic acid 
dihydrazide (Example 3) (OAH) and 30.0 g of H 2 0 were fed 
35 into a 100-ml distillation flask, and to which was 
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dropwisely added 6.99 g (0.048 mols ) of 99% octanoic acid 
in a slurry state and in a heated condition at a 
temperature of 12.7 to 23.0°C over a period of 15 minutes. 

Next, 3.36 g (0.048 mols) of 98.5% NaN0 2 and 6.0 g of 
5 H 2 0 were added thereto dropwise at a temperature of 22.2 
to 27.0°C over a period of 10 minutes. After the dropwise 
addition has been finished, the reaction was conducted at 
a temperature of from 32.2 to 37.5°C for 21 hours. 

Thereafter, 6.35 g (0.048 mols) of 30.24% NaOH 
10 aqueous solution was dropwisely added thereto at a 

temperature of from 35.6 to 36.1°C over a period of 3 
minutes . 

After the dropwise addition of NaOH aqueous solution 
has been finished, the brown reaction solution was heated 

15 at 80 °C to conduct the reaction at 77.7 to 79.9°C for 2 
hours in order to convert the 5,5'-bi-lH-tetrazole into a 
5 , 5 ' -bi-lH-tetrazoledisodium salt . 

2.85 Grams g (0.053 mols) of 99.0% NH 4 CL and 7.70 g 
of H 2 0 were added thereto dropwise at a temperature of 

20 76.4 to 76.7°C over a period of 20 minutes to synthesize a 
5,5'-bi-lH-tetrazolediammonium salt [BHT*2NH 3 ] by the 
reaction of the 5 , 5 ' -bi-lH-tetrazoledisodium salt 
[BHT • 2Na] with the NH 4 CL. 

After the NH4CL aqueous solution has been dropwisely 

25 added thereto, the reaction solution was cooled down to - 
0.1°C, and the precipitated crystals were separated and 
washed with 20.0 g of H 2 0 to isolate 6.14 g of the wet 
5,5'-bi-lH-tetrazolediammonium salt [BHT*2NH 3 ], After 
drying in a vacuum drier at a drying temperature of 50 °C 

30 for 6 hours, there was obtained 2.37 g of the 5,5'-bi-lH- 
tetrazolediammonium salt [ BHT • 2NH3 ] . The total amount of 
the separation mother liquor + washing solution was 77.21 

g. 

The feeding mol ratio of OAH: octanoic 
35 acid :NaN0 2 : NaOH :NH 4 C1 was 1.0:2.4:2.4:2.4:2.65. 



30 



[Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [ BHT • 2NH 3 ] ] 

Yield of coarse crystals: 51.9% on the basis of OAH 
Analytical values of coarse crystals: HClo 4 tit. 
5 75.36%, HPLC 

88.97% (area %) 
(Separation mother liquor + washing solution) analytical 
value : 

[BHT-2NH 3 ], 0.61% by weight, 0.47 g (0.003 mols) 

10 Total [BHT'2NH 3 ] yield (coarse crystals + mother liquor + 
washing solution): 65.5% on the basis of oah 
(Example 9) Synthesis of 5 f 5 ' -bi-lH-tetrazolediammonium 
salt [BHT-2NH 3 ] 

2.33 Grams (0.020 mol) of 99.70% oxaldiimidic acid 

15 dihydrazide (Example 3) (OAH) and 30.0 g of H 2 0 were fed 

into a 100-ml distillation flask, and were cooled down to 
0°C in a slurry state. A mixed aqueous solution of 2.45 g 
(0.048 mols) of 90% formic acid and 8.90 g of H 2 o was 
added thereto dropwise at a temperature of from 0.2 to 

20 4.3°C over a period of 10 minutes. 

Next, 3.36 g (0.048 mols) of 98.5% NaN0 2 and 6.0 g of 
H 2 0 were added thereto dropwise at a temperature of from - 
1.2 to 1.9°C over a period of 45 minutes. After the 
dropwise addition has been finished, the reaction was 

25 conducted at a temperature of from -1.5 to 25.0°C for one 
hour and at 25.0 to 28.9°C for 2 hours. 

Thereafter, 6.35 g (0.048 mols) of 30.24% NaOH 
aqueous solution was dropwisely added thereto at a 
temperature of from 24.5 to 28.9°C over a period of 3 

30 minutes. 

After the dropwise addition of NaOH aqueous solution 
has been finished, the brown reaction solution was heated 
at 80 °C to conduct the reaction at 77.6 to 80.3°C for 2 
hours in order to convert the 5 , 5 ' -bi~lH-tetrazole into a 
35 5,5 ' -bi-lH-tetrazoledisodium salt. 
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2.85 Grams g (0.053 mols ) of 99.0% NH 4 CL and 7 .70 g 
of H 2 0 were added thereto dropwise at a temperature of 
79.8 to 80.8°C over a period of 20 minutes to synthesize a 
5,5 '-bi-lH-tetrazolediammonium salt [BHT-2NH 3 ] by the 
5 reaction of the 5 , 5 ' -bi-lH-tetrazoledi sodium salt 
[BHT* 2Na] with the NH 4 CL. 

After the NH 4 C1 aqueous solution has been dropwisely 
added thereto, the reaction solution was cooled down to - 
0.1°C, and the precipitated crystals were separated and 

10 washed with 20.0 g of H 2 0 to isolate 5.10 g of the wet 
5,5 '-bi-lH-tetrazolediammonium salt [BHT* 2NH 3 ] . After 
drying in a vacuum drier at a drying temperature of 50 °C 
for 6 hours, there was obtained 2.38 g of the 5,5'-bi-lH- 
tetrazolediammonium salt [BHT-2NH 3 ]. The total amount of 

15 the separation mother liquor + washing solution was 74.27 

g. 

The feeding mol ratio of OAH: formic 
acid:NaN0 2 :NaOH:NH 4 Cl was 1.0:2.4:2.4:2.4:2.65. 
[Yield and analytical values of 5,5'-bi-lH- 
20 tetrazolediammonium salt [BHT-2NH 3 ]] 

Yield of coarse crystals: 48.3% on the basis of OAH 
Analytical values of coarse crystals: HC10 4 tit. 

69.91%, HPLC 
97.12% (area %) 

25 (Separation mother liquor + washing solution) analytical 
value : 

[ BHT " 2NH 3 ] , 0.40% by weight, 0.30 g (0.002 mols) 
Total [BHT* 2NH3] yield (coarse crystals + mother liquor + 
washing solution): 57.0% on the basis of OAH 
30 (Example 10) Synthesis of 5 r 5 ' -bi-lH-tetrazolediammonium 
salt [BHT-2NH 3 ] 

5.82 Grams (0.050 mol) of 99.70% oxaldiimidic acid 
dihydrazide (Example 3) (OAH) and 50.0 g of H 2 0 were fed 
into a 200-ml distillation flask, and were cooled down to 
35 0°C in a slurry state. A mixed aqueous solution of 7.84 g 
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(0.040 mols) of 98% citric acid and 10.0 g of H 2 0 was 
added thereto dropwise at a temperature of from -2.0 to - 
1.4°C over a period of 20 minutes. 

Next, 8.40 g (0.120 mols) of 98.5% NaN0 2 and 15.0 g 
of H 2 0 were added thereto dropwise at a temperature of 
from 0.1 to 4.4°C over a period of 30 minutes. After the 
dropwise addition has been finished, the reaction was 
conducted at a temperature of from 1.8 to 25.0°C for one 
hour and at 25.5 to 27.1°C for 4 hours and 30 minutes. 

Thereafter, 15.87 g (0.120 mols) of 30.24% NaOH 
aqueous solution was dropwisely added thereto at a 
temperature of from 28.6 to 31.5°C over a period of 5 
minutes . 

After the dropwise addition of NaOH aqueous solution 
has been finished, the brown reaction solution was heated 
at 80 °C to conduct the reaction at 77.1 to 80.7°C for 2 
hours in order to convert the 5 , 5 ' -bi-lH-tetrazole into a 
5,5' -bi-lH-tetrazoledisodium salt . 

7.13 Grams g (0.132 mols) of 99.0% NH 4 C1 and 19.3 g 
of H 2 0 were added thereto dropwise at a temperature of 
78.3 to 80.0°C over a period of 20 minutes to synthesize a 
5 A 5'-bi-lH-tetrazolediammonium salt [BHT-2NH 3 ] by the 
reaction of the 5 , 5 ' -bi-lH-tetrazoledisodium salt 
[BHT* 2Na] with the NH 4 CL. 

After the NH 4 C1 aqueous solution has been dropwisely 
added thereto, the reaction solution was cooled down to 
0.9°C, and the precipitated crystals were separated and 
washed with 50.0 g of H 2 0 to isolate 11.48 g of the wet 
5 f 5 ' _bi-lH-tetrazolediammonium salt [ BHT • 2NH 3 ] . After 
drying in a vacuum drier at a drying temperature of 50 °C 
for 6 hours, there was obtained 5.41 g of the 5,5'-bi-lH- 
tetrazolediammonium salt [BHT-2NH 3 ]. The total amount of 
the separation mother liquor + washing solution was 171.07 

g- 

The feeding mol ratio of OAH: citric 
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acid:NaN0 2 :NaOH:NH 4 Cl was 1 . 0 : 2 . 4 : 2 .4 : 2 . 4 : 2 . 64 . 
[Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT-2NH 3 ]] 

Yield of coarse crystals: 61.6% on the basis of OAH 
5 Analytical values of coarse crystals: HCl0 4 tit. 

98.07%, HPLC 
96.28% (area %) 
(Separation mother liquor + washing solution) analytical 
value : 

10 [BHT-2NH 3 ], 0.54% by weight, 0.93 g (0.005 mols) 

Total [BHT-2NH 3 ] yield (coarse crystals + mother liquor + 
washing solution): 72.4% on the basis of OAH 
(Example 11) Synthesis of 5 , 5 ' -bi-lH-tetrazoledi ammonium 
salt [BHT • 2NH 3 ] 

15 5.82 Grams (0.050 mol) of 98.76% oxaldiimidic acid 

dihydrazide (Example 2) (OAH) and 50.0 g of H 2 0 were fed 
into a 200-ml distillation flask, and were cooled down to 
not higher than 0°C in a slurry state. A mixed aqueous 
solution of 7.22 g (0.120 mols) of 99.7% acetic acid and 

20 7.5 g of H 2 0 was added thereto dropwise at a temperature 
of from -2.6 to 3.2 °C over a period of 10 minutes. 

Next, 8.40 g (0.120 mols) of 98.5% NaN0 2 and 10.0 g 
of H 2 0 were added thereto dropwise at a temperature of 
from -4.1 to 0.2°C over a period of 40 minutes. After the 

25 dropwise addition has been finished, the reaction was 

conducted at a temperature of from -3.3 to 20.7°C for one 
hour and at 24.2 to 24.6°C for 2 hours. 

Thereafter, 20.41 g (0.123 mols) of 30.24% NaOH 
aqueous solution was dropwisely added thereto at a 

30 temperature of from 25.8 to 31.2°C over a period of 10 
minutes . 

After the dropwise addition of NaOH aqueous solution 
has been finished, the brown reaction solution was heated 
at 80 °C to conduct the reaction at 77.2 to 77.6°C for 2 
35 hours in order to convert the 5,5 '-bi-lH-tetrazole into a 
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5 , 5 ' -bi- lH-tetrazoledisodium salt . 

After the reaction, to 47.27 g of a condensed 
reaction solution obtained by condensing about one-half of 
102.72 g of the reaction solution under a reduced 
5 pressure, there was dropwisely added 9.15 g (0.169 mols) 
of 99.0% NH 4 C1 and 24.78 g of H 2 0 at a temperature of from 
77.4 to 78.9°C over a period of 30 minutes. A 5,5'-bi-lH- 
tetrazolediammonium salt [BHT-2NH 3 ] was synthesized by the 
reaction of the 5 , 5 ' -bi-lH-tetrazoledisodium salt 
10 [BHT-2Na] with the NH 4 CL. 

After the NH 4 C1 aqueous solution has been dropwisely 
added thereto, the reaction solution was cooled down to 
1.4°C, and the precipitated crystals were separated and 
washed with 20.5 g of H 2 0 to isolate 13.35 g of the wet 
15 5, 5'-bi-lH-tetrazolediammonium salt [BHT-2NH 3 ]. After 

drying in a vacuum drier at a drying temperature of 50 °C 
for 6 hours, there was obtained 6.87 g of the 5,5'-bi-lH- 
tetrazolediammonium salt [BHT- 2NH 3 ] (faint yellow). The 
total amount of the separation mother liquor + washing 
20 solution was 88.67 g. 

The feeding mol ratio of OAH:AcOH:NaN0 2 :NaOH:NH 4 Cl 
was 1.0:2.4:2.4:3.0:3.4. 

[Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT* 2NH 3 ] ] 
25 Yield of coarse crystals: 76.4% on the basis of OAH 

Analytical values of coarse crystals: HC10 4 tit. 

93.28%, HPLC 
95.64% (area %) 
(Separation mother liquor + washing solution) analytical 
30 value: 

[BHT* 2NH 3 ] , 0.40% by weight, 0.35 g (0.002 mols) 
Total [BHT-2NH 3 ] yield (coarse crystals + mother liquor + 
washing solution): 80.4% on the basis of OAH 
(Example 12) Synthesis of 5 , 5 ' -bi-lH-tetrazolediammonium 
35 salt [BHT • 2NH 3 ] 



35 



11.71 Grams (0.100 mol) of 99.20% oxaldiimidic acid 
dihydrazide (OAH) and 100.0 g of H 2 0 were fed into a 300- 
ml distillation flask, and were cooled down to 0°C in a 
slurry state. A mixed aqueous solution of 14.44 g (0.240 
5 mols) of 99.7% acetic acid and 15.0 g of H 2 0 was added 
thereto dropwise at a temperature of from 0.4 to 3.0°C 
over a period of 10 minutes . 

Next, 16.81 g (0.240 mols) of 98.5% NaN0 2 and 30.0 g 
of H 2 0 were added thereto dropwise at a temperature of 

10 from -1.5 to 2.3°C over a period of one hour and 10 

minutes. After the dropwise addition has been finished, 
the reaction was conducted at a temperature of from -1.0 
to 27.2°C for one hour, at 24.2 to 25.7°C for 2 hours and 
at 50.1 to 50.7°C for 2 hours. 

15 Thereafter, 31.75 g (0.240 mols) of 30.24% NaOH 

aqueous solution was dropwisely added thereto at a 
temperature of from 15.3 to 19.2°C over a period of 10 
minutes . 

After the dropwise addition of NaOH aqueous solution 

20 has been finished, the brown reaction solution was heated 
at 80 °C to conduct the reaction at 80.0 to 82.7°C for 2 
hours in order to convert the 5 , 5 ' -bi-lH-tetrazole into a 
5,5' -bi-lH-tetrazoledisodium salt . 

After the reaction, to 102.82 g of a condensed 

25 reaction solution obtained by condensing about one-half of 
217.87 g of the reaction solution under a reduced 
pressure, there was dropwisely added 14.26 g (0.264 mols) 
of 99.0% NH 4 C1 and 38.60 g of H 2 0 at a temperature of from 
79.0 to 81.6°C over a period of 20 minutes. A 5,5'-bi-lH- 

30 tetrazolediammonium salt [BHT* 2NH3] was synthesized by the 
reaction of the 5,5 r -bi-lH-tetrazoledisodium salt 
[BHT* 2Na] with the NH4CL . 

After the NH 4 C1 aqueous solution has been dropwisely 
added thereto, the reaction solution was cooled down to 

35 0.8°C, and the precipitated crystals were separated and 
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washed with 40.0 g of H 2 0 to isolate 40,07 g of the wet 
5, 5'-bi-lH-tetrazolediammonium salt [BHT-2NH 3 ]. After 
drying in a vacuum drier at a drying temperature of 50 °C 
for 6 hours, there was obtained 16.38 g of the 5,5'-bi-lH- 
5 tetrazolediammonium salt [BHT- 2NH 3 ] ( faint yellow). The 
total amount of the separation mother liquor + washing 
solution was 155.89 g. 

The feeding mol ratio of OAH:AcOH:NaN0 2 :NaOH:NH 4 Cl 
was 1.0:2.4:2.4:3.0:2.6. 
10 [Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT*2NH 3 ]] 

Yield of coarse crystals: 81.7% on the basis of OAH 
Analytical values of coarse crystals: HCl0 4 tit. 

85.83%, HPLC 

15 92.97% (area %) 

(Separation mother liquor + washing solution) analytical 
value : 

[BHT*2NH 3 ], 0.60% by weight, 0.35 g (0.006 mols) 
Total [BHT-2NH 3 ] yield (coarse crystals + mother liquor + 
20 washing solution): 87.1% on the basis of OAH 

(Comparative Example 2) Synthesis of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT- 2NH 3 ] (trace experiment of 
the literature ) . 

10.01 Grams (0.080 mol) of 93.04% oxaldiimidic acid 
25 dihydrazide (OAH) and 200.78 g of H 2 0 were fed into a 500- 
ml distillation flask, and were cooled down to 10 °C in a 
slurry state. A mixed aqueous solution of 26.6 g (0.252 
mols) of 60% HN0 3 and 26.6 g of H 2 0 was added thereto 
dropwise at a temperature of from 9.2 to 11.2°C over a 
30 period of 10 minutes. 

Next, 25.7 g (0.151 mols) of 99.9% AgN0 3 was added 
thereto at a temperature of from -0.3 to 0.7°C over a 
period of 10 minutes. Thereafter, an aqueous solution of 
11.8 g (0.168 mols) of NaN0 2 and 100.1 g of H 2 0 was added 
35 thereto dropwise at a temperature of from -3.1 to -0.4°C 
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over a period of 10 minutes. After the dropwise addition 
has been finished, the reaction was conducted at a 
temperature of from -3.8 to 23.0°C for 3 hours , and a 
5,5 '-bi-lH-tetrazolesilver salt precipitated from 399.68 g 
5 of the reaction solution was filtered to isolate 52.45 g 
of the wet 5 , 5 ' -bi-lH-tetrazolesilver salt. 

52.45 Grams of the wet 5,5 ' -bi-lH-tetrazolesilver 
salt and 100.20 g of the H 2 0 were fed to a 200-ml 
distillation flask, and 18.4 g (0.077 mols) of Na 2 S-9H 2 0 

10 was added thereto in a slurry state at a temperature of 

from 45 to 48 °C over a period of 15 minutes. The reaction 
was further conducted at a temperature of from 50 to 52 °C 
for one hour. Ag 2 S was separated from 170.51 g of the 
black slurry reaction solution and was washed with 40.4 g 

15 of H 2 0 followed by drying to recover 16.08 g of black 

crystalline Ag 2 S [calculated amount 19.82 g, recovery rate 
81.1%] . 

183.6 Grams of yellow separation motor liquor + 
washing water was condensed under a reduced pressure 
20 (~55°C, 60 mmHg). To 146.1 g of the condensed solution 
was added 8.4 g (0.155 mols) of 99.0% NH 4 Cl, and the 
reaction was conducted at 50 to 55 °C for one hour. 

After the reaction, the reaction solution was cooled, 
the precipitated crystals were separated, washed with 36.8 
25 g of H 2 0 and was dried in a vacuum drier at a drying 
temperature of 50 °C for 8 hours to obtain 7.02 g of a 
5,5'-bi-lH-tetrazolediammonium salt [BHT-2NH 3 ]. The 
amount of the separation mother liquor was 128.9 g and the 
amount of the washing solution was 41.6 g. 
30 [Yield and analytical values of 5,5'-bi~lH- 
tetrazolediammonium salt [BHT- 2NH 3 ] ] 

Yield of coarse crystals: 48.7% on the basis of OAH 
Analytical values of coarse crystals: HC10 4 tit. 

95.56%, HPLC 

35 97.56% (area %) 
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(Comparative Example 3) Synthesis of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT-2NH 3 ] 

10*07 Grams (0.081 mol) of 93.04% oxaldiimidic acid 
dihydrazide (OAH) and 100.0 g of H 2 0 were fed into a 500- 
ml distillation flask, and were cooled down to 5°C in a 
slurry state. A mixed aqueous solution of 36.6 g (0.350 
mols) of 35% HC1 and 65.0 g of H 2 0 was added thereto 
dropwise at a temperature of from 2.4 to 8.1°C over a 
period of 15 minutes. Accompanying the dropwise addition 
of HC1, the OAH crystals have dissolved, and the solution 
has changed into a yellow homogeneous solution. 

Next, 12.8 g (0.182 mols) of 98.5% NaN0 2 and 90.1 g 
of H 2 0 were added thereto dropwise at a temperature of 
from -3.0 to 0.5°C over a period of one hour and 10 
minutes. After the dropwise addition has been finished, 
the reaction was conducted at a temperature of from -2.0 
to 16.5°C for one hour and, then, at 50 °C for 2 hours. 

Thereafter, an aqueous solution of 13.8 g (0.341 
mols) of NaOH and 20.0 g of H 2 0 was added thereto 
dropwise. The mixture was stirred at a temperature of 
40 °C for 30 minutes to convert the 5 , 5 ' -bi-lH-tetrazole 
into a 5,5 ' -bi-lH-tetrazoledisodium salt. 

After stirring, the insoluble components were 
filtered. To 344.3 g of the reaction solution was added 
9.4 g (0.170 mols) of 99.0% NH 4 C1, and the 5,5'-bi-lH- 
tetrazoledisodium salt [BHT • 2Na] was reacted with the 
NH 4 C1 at a temperature of 40°C for 30 minutes to 
synthesize the 5, 5 ' -bi-lH-tetrazolediammonium salt 
[BHT* 2NH3] . 

After the reaction, the reaction solution was 
condensed under a reduced pressure (~50°C, 25 mmHg). To 
50.3 g of the condensed solution was added 100.0 g of H 2 0. 
The mixture was stirred at a temperature of 35 °C for 30 
minutes, followed by cooling down to 10 °C. The 
precipitated crystals were separated and washed with 44.0 
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g of H 2 0 to isolate 9.9 g of a yellow wet 5,5'-bi-lH- 
tetrazolediairuiionium salt [BHT-2NH 3 ] which was then dried 
in a vacuum drier at a drying temperature of 50 °C for 5 
hours to obtain 4.2 g of a 5 , 5 ' -bi-lH-tetrazolediammonium 
5 salt [BHT*2NH 3 ]. The total amount of the separation 
mother liquor + washing solution was 187.2 g. 
[Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT-2NH 3 ]] 

Yield of coarse crystals: 28.4% on the basis of OAH 
10 Analytical values of coarse crystals: HPLC, 80.2% 

( area % ) 

(Comparative Example 4) Synthesis of 5,5'-bi-lH- 
tetrazolediammonium salt [BHT-2NH 3 ] 

9.52 Grams (0.080 mol) of 97.59% oxaldiimidic acid 

15 dihydrazide (Example 1>(0AH) and 200.45 g of H 2 0 were fed 
into a 500-ml distillation flask, and were cooled down to 
10 °C in a slurry state. A mixed aqueous solution of 33.40 
g (0.320 mols) of 60.35% HN0 3 and 33.81 g of H 2 0 was added 
thereto dropwise at a temperature of from 0.1 to 9.9°C 

20 over a period of 2 0 minutes. Accompanying the dropwise 

addition of HN0 3 , the OAH crystals have dissolved, and the 
solution has changed into a faintly yellow homogeneous 
solution. Upon adding 12.82 g (0.160 mols) of 99.87% 
NH 4 N0 3 at a temperature of from 1.2 to 12.0°C over a 

25 period of 15 minutes, the faintly yellow homogeneous 
solution has changed into a white slurry. 

Next, 11.21 g (0.160 mols) of 98.5% NaN0 2 and 50.01 g 
of H 2 0 were added thereto dropwise at a temperature of 
from -3.8 to -1.5°C over a period of 50 minutes. After 

30 the dropwise addition has been finished, the reaction was 
conducted at a temperature of from -6.5 to -1.5°C for one 
hour. 

Thereafter, 63.52 g (0.480 mols) of 30.24% NaOH 
aqueous solution was added thereto dropwise at a 
35 temperature of from -5.6 to -3.6°C over a period of 15 
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minutes to convert the 5 , 5 ' -bi-lH-tetrazole into a 5,5'- 
bi-lH-tetrazoledisodium salt. 

The reaction solution was heated at 50°C, 25.99 g 
(0.480 mols) of 99.0% NH 4 C1 and 38.91 g of H 2 0 were added 
5 thereto dropwise at a temperature of from 51.1 to 52.2°C 
over a period of 10 minutes, and the 5,5'-bi-lH- 
tetrazoledisodium salt [ BHT • 2Na] was reacted with the 
NH 4 C1 to synthesize a 5 , 5 ' -bi-lH-tetrazolediammonium salt 
[BHT-2NH 3 ] . 

10 After the dropwise addition of the NH 4 C1 solution has 

been finished, 566.88 g of the reaction solution was 
cooled down to -2°C f and the precipitated crystals were 
separated and washed with 26.0 g of H 2 0 to isolate 6.90 g 
of the wet 5 f 5 ' -bi-lH-tetrazolediammonium salt (BHT-2NH 3 ) 

15 which was then dried in a vacuum drier at a drying 

temperature of 60°C for 6 hours to obtain 3.02 g of a 
5,5'-bi-lH-tetrazolediammonium salt [BHT-2NH 3 ]. The total 
amount of the separation mother liquor + washing solution 
was 580.24 g. 

20 [Yield and analytical values of 5,5'-bi-lH- 
tetrazolediammonium salt [ BHT • 2NH 3 ] ] 

Yield of coarse crystals: 20.1% on the basis of OAH 
Analytical values of coarse crystals: HC10 4 tit. 

91.65% HPLC, 

25 91.58% (area %) 

According to the present invention, hydrazine hydrate 
is reacted with dicyan, oxaldiimidic acid dihydrazide 
(OAH) of a high purity quantitatively obtained via 1- 
cyanoformimidic acid hydrazide (CFAH) is dissolved in an 

30 aqueous solution of a weakly acidic compound such as 

acetic acid and to which is dropwisely added an aqueous 
solution of sodium nitrite to form an azide thereof and to 
effect the cyclization reaction by heating. To the 
reaction product is then added an aqueous solution of 

35 sodium hydroxide to convert the product into a 5,5'-bi-lH- 
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tetrazoledisodium salt (BHT • 2Na) which is then reacted 
with an aqueous solution of ammonium chloride , and the 
formed ammonium salt is recovered as sparingly soluble 
crystals, in order to obtain a 5,5'-bi-lH- 
tetrazolediammonium salt (BHT-2NH 3 ) from the starting 
materials which are cheaply available and are easy to 
handle, without requiring cumbersome after-treatment yet 
maintaining a high yield. 
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